The expression of albumin and al-inhibitor 3 genes was investigated in rat cell suspensions enriched in periportal (n = 10) and perivenous (n = 10) hepatocytes obtained by the digitonincollagenase technique. The degree of enrichment of the cell suspensions was assessed: (1) by enzymic assays for the periportal marker alanine aminotransferase and for the perivenous marker glutamine synthetase; and (2) by their content of mRNAs for the periportal marker hepatic glutaminase and for glutamine synthetase. The existence of an antegrade intra-lobular gradient for albumin and a1-inhibitor 3 mRNAs was demonstrated, with periportal: perivenous ratios of 2.33 and 3.80, respectively. However, no gradient was demonstrated for the respective protein contents with corresponding ratios of 0.98 and 1.21. A
INTRODUCTION
The functional unit of the mammalian liver is the hepatic lobule, or acinus, according to Rappaport's concept of liver architecture. Each lobule, containing one central vein and limited by several portal spaces, is composed of three distinct zones, the periportal, the mediolobular and the perivenous (respectively named zones 1, 2 and 3 in Rappaport's concept). Many metabolic and functional differences between periportal and perivenous hepatocytes of the same lobule have been described, and the concept of metabolic zonation, proposed by Jungermann and coworkers [1, 2] , has now gained wide acceptance.
Recently, zonal hepatocellular heterogeneity of the expression of several plasma proteins and of their respective mRNAs has been described in the rat hepatic lobule (for review, see [3] ). Most of these proteins, like albumin [4] [5] [6] [7] [8] [9] [10] [11] [12] , az-inhibitor 3 [13] , a2-macroglobulin [13] , fibrinogen [4] and haptoglobin [14] , are distributed in continuous antegrade gradients. A few plasma proteins are distributed along a retrograde gradient, such as afetoprotein until the fourth postnatal week [6, 10, [15] [16] [17] , alantitrypsin [13, 18] and angiotensinogen [19] . a2u-globulin presents an age-and androgen-dependent distribution. Its expression is restricted to the perivenous lobular compartment in young male rats, presents no intra-lobular zonation in adult rats and is distributed along an antegrade gradient in ageing animals [20] [21] [22] [23] . All these results have been obtained using morphological methods on intact liver tissue, and are based on immunohistochemistry and in situ hybridization techniques. They have not been verified in zonally enriched hepatocyte populations. This step is necessary: (1) to exclude possible artifacts resulting from the fixation and conservation of liver tissue inherent to morphological investigations, and (2) to allow the study of the regulation of the expression of plasma proteins in the various zones of the certain degree of overlap existed between periportal and perivenous suspensions for their content in albumin and acinhibitor 3 mRNAs. A morphometrical analysis of the surface of digitonin-permeabilized hepatic tissue revealed that this overlap could be explained by a variable extent of permeabilization of the mediolobular zone from one rat to another and from one lobule to another in a given animal. These results suggest that while the digitonin-collagenase technique is well suited for studies in vitro ofproteins expressed in sharp intra-lobular gradients or restricted to an intra-lobular compartment, it is not completely reliable for proteins distributed in continuous moderate intra-lobular gradients, such as albumin and al-inhibitor 3.
hepatic lobule. The digitonin-collagenase perfusion technique [24, 25] is now widely used for isolation of cell populations enriched in periportal or perivenous hepatocytes. It is based on the selective antegrade or retrograde permeabilization of one zone of the hepatic acinus, the hepatocytes of the intact residual zone being isolated by a subsequent collagenase perfusion. This technique has proved of value for the investigation of several heterogeneously distributed enzymes [24] [25] [26] [27] .
The aim of the present work was therefore to: (a) verify the heterogeneous intra-lobular distribution of albumin and al- [24, 28, 29] and hepatic glutaminase [30] are predominantly periportal and glutamine synthetase is restricted to a small perivenous compartment [31] . In these wellcharacterized cell suspensions, we determined the distribution of [39] . Albumin mRNA was detected using a 932 bp PstI-fragment of clone pRSA 13 [40] . The most abundant a,-inhibitor 3 mRNA was detected using a 0.7 kb fragment of clone pRLA1I323J [41] , generously provided by G. Fey (Institute of Microbiology, Biochemistry and Genetics, University of Erlangen, Erlangen, Germany).
Northern-blot analysis
Total RNAs, extracted according to Chomczynski and Sacchi [42] , were electrophoresed and transferred onto Hybond C super nylon membrane (Amersham, Les Ulis, France) as indicated by Sambrook et al. [43] . RNA loading was controlled by ethidium bromide staining (0.5 mg/ml ethidium bromide in gel loading buffer). Probes were labelled with [a-32P]-dCTP by random priming using a multi-prime DNA labelling kit (Amersham).
Hybridization conditions were as follows: 500% formamide, 
Antibodies
Rabbit anti-(rat albumin) was purchased from Nordic (Tilburg,
The Netherlands). Rabbit anti-(rat al-inhibitor 3) We then compared the activities in each isolated periportal and perivenous population with the total activity measured in the corresponding intact liver tissue, represented by the caudal lobe removed before digitonin perfusion. We established a cell:tissue ratio which reflected the individual enrichment for the zonal markers in each population (see Table 1 ). All the periportal preparations showed a higher ALAT activity (mean cell:tissue ratio 1.7) and a lower glutamine synthetase activity (mean cell: tissue ratio 0.03) than the intact liver. Conversely, all the perivenous preparations were poor in ALAT (mean cell: tissue ratio 0.8) and enriched in glutamine synthetase (mean cell: tissue ratio 2.73). The periportal: perivenous (PP: PV) ratio determined from the mean activities in each group was 2.46 for ALAT and 0.01 for glutamine synthetase, which was in accordance with the literature [46] .
Distribution of mRNAs for zonal enzyme markers
The periportal predominance in the distribution of hepatic glutaminase mRNAs, as reported by Watford and Smith [30] , was verified in our samples (PP:PV ratio 7.61). In the same way, glutamine synthetase mRNAs predominated in our perivenous preparations (PP: PV ratio 0.004) as reported by Gebhardt et al. [47] and Watford and Smith [30] . There was no overlap in the hepatic glutaminase and glutamine synthetase mRNA content between samples considered either as periportal or as perivenous. Results are shown in Table 2 .
Distribution of albumin, ,1-inhibitor 3 and their respective mRNAs in zonally enriched hepatocyte suspensions Distribution of specific mRNAs for albumin and al-inhibitor 3
Northern-blot analysis of albumin ( Figure 1 ) and a,-inhibitor 3 ( Figure 2 ) mRNAs showed a periportal predominance. The PP: PV ratios between the mean values in each group were 2.33 and 3.80 respectively. However, there was a degree of overlap Table 4 ). These results suggest that, in most instances, the mediolobular zone was usually not damaged or was only mildly damaged after digitonin perfusion.
The measure of the mean surface of digitonin-permeabilized tissue in each hepatic lobule confirmed the inter-individual variation in the extent of digitonin permeabilization. Furthermore, this measure showed the existence of a significant intraindividual variation in the extent of the digitonin permeabilization from one lobule to another, as attested to by the large ranges observed for each animal (Table 4) . This suggests that cell sampling is different from one lobule to another.
DISCUSSION
The cell populations that we obtained using the digitonincollagenase technique are correctly enriched in periportal or perivenous hepatocytes according to the literature standards. Cell: tissue ratios were used to assess the good individual enrichment of each sample for the enzymes ALAT and glutamine synthetase. The quantification of hepatic glutaminase and Table 4 Morphometrical analysis Semi-automatic image analysis was performed on one tissue section of one liver fragment for each animal in each group (n = 10). The total surface of the section and the sum of the surfaces of all the digitonin-permeabilized areas visible on the section were measured to determine the percentage of digitonin-permeabilized surface (umM2) in the section. The surface of digitonin-permeabilized tissue in each hepatic lobule (um2) was measured in 20 consecutive, unselected lobules for each animal.
Antegrade perfusion
Retrograde perfusion [47] .
Under these conditions, we observed significant PP: PV ratios for albumin and a1-inhibitor 3 at the mRNA level. The corresponding PP: PV ratios were respectively 2.33 and 3.80. However, it is likely that these gradients might be slightly overestimated, in particular for al-inhibitor 3 mRNA, as a result of the high inter-individual variation observed between samples. In any case, they are of the same order of magnitude as those determined using the same technique for several key enzyme mRNAs, such as phosphoenolpyruvate-carboxykinase [30] . Combined with our previous in situ hybridization observations [6, 13] , the results obtained in isolated zonal populations show that albumin and al-inhibitor 3 mRNAs are distributed along a periportal gradient. Their pattern of expression is therefore different from that of compartmentalized proteins, such as glutamine synthetase, restricted to a very limited perivenous compartment [31] , or carbamoylphosphate synthetase, present in a large periportal and mediolobular compartment [48] .
In our preparations, we could not verify that the intra-lobular gradient observed for albumin and c,-inhibitor 3 at the mRNA level was retained at the protein level. This apparent discrepancy might be artifactual. Indeed, using the same experimental conditions, the PV: PP ratio for glutamine synthetase is also lower at the protein level than at the mRNA level. [30] . In the case of plasma proteins, this artifact is of particular relevance since we have previously shown that significant intracellular levels of plasma proteins and of their specific mRNAs are retained after digitonin permeabilization [52] . The combination of mediolobular contamination and cross-contamination might result in significant inter-individual variations in the degree of enrichment of the final cell suspensions. Moreover, such artifacts might explain previous observations showing that the intralobular gradients measured in cell suspensions obtained through the digitonin-collagenase technique are underestimated when compared with the pre-existing gradients measured in intact liver tissue obtained by microdissection, or in eluates provided by the dual-pulse digitonin perfusion [28, 29, [53] [54] [55] . The possible pitfalls of the digitonin-collagenase technique are of limited relevance for proteins distributed in restricted intralobular compartments, such as glutamine synthetase, or in sharp intra-lobular gradients, such as hepatic glutaminase. However, for proteins such as albumin and a1-inhibitor 3, which demonstrate moderate intra-lobular continuous gradients, the sensitivity of the digitonin-collagenase technique is not sufficient to ensure a reliable enrichment in every case. This problem can be overlooked when one considers the mean values obtained after pooling cell suspensions prepared from several animals. However, it is of particular relevance for studies in vitro, for which it is necessary to work on individual preparations.
In conclusion, the existence of an antegrade intra-lobular gradient for albumin and a,-inhibitor 3 has been demonstrated at the mRNA level in isolated periportal and perivenous hepatocytes obtained by the digitonin-collagenase technique. However, while this technique is well adapted for the study of molecules distributed in compartments or in sharp intra-lobular gradients, its reproducibility remains insufficient to provide reliably enriched zonal populations suitable for the study in vitro of plasma proteins, which are distributed in moderate continuous intralobular gradients.
